Purpose We propose to evaluate the complication rate in minimally invasive stabilization (MIS) for spine fractures and tumors, as a common alternative to open fusion and conservative treatment. Methods From 2000 to 2010, 187 patients were treated by minimally invasive percutaneous fixation in 133 traumatic fractures and 54 primitive and/or secondary spine tumors. Complications were classified, according to the period of onset as intraoperative and postoperative, and according to the severity, as major and minor. Results A total of 15 complications (8 %) were recorded: 5 intraoperative (3 %), 6 early postoperative (3 %) and 4 late postoperative (2 %); 6 were minor complications (3 %) and 9 were major complications (5 %). Conclusions Minimally invasive stabilization of selected spine pathologies appears to be a safe technique with low complication rate and high patient satisfaction. MIS reduces hospitalization and allows a fast functional recovery improving the quality of life.
Introduction
In the last 10 years, minimally invasive stabilization (MIS) in spine surgery has expanded not only in trauma, but also in degenerative and oncological diseases. In trauma, the borderline between conservative and surgical indication is sometimes blurred. In spine tumors, the main indication is for patients in bad clinical conditions that need a fast functional recovery and for patients affected by tumors that are sensitive to chemo-or radiotherapy without clinical signs of spinal cord compression.
MIS allows an easier nursing of the polytrauma/obese patients as well as an easier management of patients with psychosocial problems, who hardly understand and follow the rules of nonoperative treatment.
Bed rest and reduced mobility result in a higher risk of deep vein thrombosis and a reduction of muscle and cartilage tropism, all of this resulting in delayed recovery. Nowadays, many patients also have work obligations that are not compatible with prolonged abstaining from labor [1, 2] .
There is a low level of evidence related to lack of publications, in using MIS treatment on spine fractures of the adult and in tumor pathology, but many centers have been developing an increasingly significant clinical experience [3] . MIS can be considered a viable alternative to conservative treatment, in mono-trauma or in selected tumor patients; it is crucial to understand and assess the limitations and complications of this surgical procedure to avoid exposure of patients to undue risks.
Materials and methods
From 2000 to 2010, 187 patients were treated by minimally invasive fixation: 133 cases of vertebral fractures and 54 cases primitive and/or secondary spine tumors. Thirty-two trauma cases were excluded because of incomplete followup. Two different groups were considered: vertebral fractures and tumors. The mean follow-up period in the vertebral fracture group was 52 months, with a minimum of 36 months and a maximum of 90 months. The mean followup period in the tumor patient group was 11 months, with a minimum of 2 months and a maximum of 85 months.
In the fracture group, 101 cases involved the thoracic and the lumbar spine. Sixty-seven patients were male and 34 were female, with mean age 47 years (range 15-82). Eighty-four patients had a spine injury alone, while 17 patients had polytrauma with an average Injury Severity Score of 25.2 (range 17-34). In those patients, percutaneous fixation was also intended as damage control procedure. The most frequent location of vertebral fracture was the thoracolumbar junction (T12-L1). Fractures were classified according to the Magerl AO classification: the vast majority were type A fractures (A1 and A3), while type B or type C were recorded in a few cases ( Table 1) . The most frequent construct was the mono-segmental, one level above and one below the fractured vertebra in 79 cases (Fig. 1) . A multi-level construction was performed in 22 cases of multiple injuries. Overall, 462 pedicle screws were implanted with a percutaneous technique.
In 14 cases, a bone substitute (cement, hydroxyapatite) was introduced in the fractured vertebra to fill the anterior gap left after reduction, in order to better support the middle and anterior column.
In one case, the fracture stabilization was associated with a minimally invasive endoscopic-assisted discectomy and interbody fusion for a pre-existing symptomatic degenerative disc disease at the same level. In another case where T11, T12 and L3 type A fractures were associated with L1 and L2 type B fractures, we performed a percutaneous stabilization from T10 to L4 and an L1-L2 arthrodesis with a mini-open approach. In any other case the fusion was associated with MIS.
To mono-trauma patients with type A1, A2 and A3.1 fractures without significant spinal stenosis, a conservative option consisting of cast and bed rest was offered, but it was rejected in 85 % of cases. In all cases, the impairment of the spinal canal was less than 30 % and local kyphosis was less than 20°, except in one case.
Four different spinal implants, called A, B, C and D, were used with predominant use of the first two: A in 31 cases, B in 56 cases, C1 in 2 cases, C2 (the evolution of C1) in 8 cases and D in 4 cases.
In 54 patients affected by spine tumors, 29 were female and 25 male, and the mean age was 45 years (range 12-70). The main diagnosis was metastases (22 cases), plasmocytoma (20 cases) and others (12 cases) ( Table 2 ).
The most frequent location for vertebral tumors was the thoracolumbar or lumbar spine. All tumors were classified according to Enneking and WBB classification [4, 5] . Finally, surgical treatment was a consequence of a multidisciplinary approach according to the algorithm previously proposed [6] .
The most frequent construct was the mono-segmental, one level above and one below the tumor vertebra in 45 cases. A multi-level construction was performed in nine cases. Overall, 252 pedicle screws were implanted with a percutaneous technique. In some tumor cases augmentation was used to secure screws grip at the instrumented levels ( Fig. 2) . In some cases, pathological fracture stabilization was associated with a minimally invasive endoscopicassisted curettage. Postoperative analgesia was performed in all cases with a 36 h lasting elastomeric pump containing an opioid and an NSAID.
All patients underwent plain radiographs and CT scan preoperatively and immediately postoperatively and were followed over time with systematic clinical-radiographic controls at 1, 3, 6, 12 and 24 months after surgery.
Results
The average surgical time in the fracture group was 116 min (range 35-240 min) and it was directly related to the number of levels stabilized and therefore to the number of screws implanted: the average time was reduced to 106 min using four pedicle screws, became 144 min with six screws and 171 min with eight screws. In the tumor group, the surgical time was not considered as an important parameter for patients, because in some cases the stabilization was associated with a mini-open curettage of the tumor that prolonged the surgical time. In tumor patients, the skin conditions (after, for example, radiation therapy) or the fast clinical recovery after surgery were considered as crucial for quality of life and for the feasibility of a fast adjuvant therapy. Blood losses were not assessable intraoperatively. All mono-trauma and tumor patients recovered the standing position on the second postoperative day and were discharged on the fifth day. In poly-trauma patients an immediate mobilization in the bed was granted.
In vertebral fractures, radiological examinations confirmed good spontaneous reconstruction of the anterior and posterior columns. Radiographic evaluation was performed through the measurement of segmental kyphosis and the wedging deformity of the involved vertebral body [7] . Back pain, evaluated by VAS scale, was 1.9 points at FU.
Radiographic evaluation at 12 months showed a real improvement in the postoperative period, but also a worsening of the segmentary kyphosis in the cases treated with polyaxial screws (Table 3 ). In two patients the postoperative CT scan showed that a screw was placed medially to the spinal canal, without any clinical consequence.
The instrumentation was removed in 23 patients (19 %), in 5 cases due to a local complication and in 17 cases as scheduled because it was implanted in the lumbar spine.
In the tumor group radiological examinations (with X-ray and CT scan) showed in 53 cases a good reconstruction of the vertebral body after adjuvant therapy. Only one case had a local recurrence (lumbar metastases from colon carcinoma) after 6 months of follow-up (the patient was subjected to a mini-invasive stabilization with a miniopen curettage of the tumor). This patient did not have adjuvant radiotherapy after surgery as indicated and required another surgical treatment of decompression and stabilization. Every patient had good control of pain after surgery according to the VAS scale (mean of two points). Finally, in one case after 4 months follow-up the CT scan showed a loosening of the distal screws, requiring another surgical revision.
Questionnaires for clinical evaluation were self-administered to the patients from both study groups. All the patients were satisfied with the results of the surgical procedure.
Complications
Complications were divided according to the chronological order of appearance in the intraoperative and postoperative period. The latter were divided into early postoperative (if they appeared within 1 month from the date of surgery) and late postoperative (when they occurred after that period).
Depending on the severity, complications were divided into major and minor. Major complications were those involving a longer hospitalization, or a second not scheduled intervention.
Fifteen complications (8 %) were recorded and divided into 5 intraoperative (3 %), 6 early postoperative (3 %) and 4 late postoperative (2 %) ( Table 4) . Six complications were minor (3 %) and 9 major (5 %).
Intraoperative complications were all minor, related to mechanical instruments, and prolonged the surgical time without consequences for patients. Early postoperative complications were five major complications: four mechanical, one neurological and one infectious complication. In two patients the screw head disconnected from the stem on the first postoperative day.
In two patients treated for fracture, we recorded a pullout of the pedicle screws, 15 and 20 days after surgery. The first case was a 63-year-old patient with two non-contiguous type A1 fractures (T11 and L1) undergoing T10-L3 MIS with bilateral pedicle screws in L1. The second case was a 67-year-old patient undergoing T12-L2 MIS for a type A3 fracture in L1. The implant removal and a percutaneous augmentation of the vertebral bodies with cement (PVP) were performed in both patients. The neurological complication was cauda equina syndrome with worsening paraplegia, which appeared on the second postoperative day in a patient treated for a type A L1 fracture by T12-L2 MIS. The patient underwent urgent surgical revision. During surgery we found an organized intradural hematoma sleeve surrounding the conus medullaris. A complete removal of the hematoma with a microsurgical technique, without finding the source of bleeding, was performed. Surprisingly, no screw was found in the spinal canal during the revision surgery. The patient was subsequently sent to a rehabilitation center and completely regained his neurological functions in 2 months.
A 35-year-old patient had a Staphylococcus epidermidis infection with wound dehiscence. The patient had been submitted to MIS for a type A2 T11 fracture. Two-and-ahalf days after surgery, the patient underwent surgical debridement and removal of the instrumentation resulting in healing of the infection. The patient wore a three-point brace for a further 45 days and the fracture healed with a residual 18°kyphosis.
The four late postoperative complications were major complications: two cases of mechanical complications, 1 case of neurological complication and finally a new surgery for local recurrence of tumor.
In the first case, there was a non-union in a patient with a type A3 T12 fracture, with initial 25°kyphosis. Three months after surgery, the patient complained of persistent pain under load and no bone fusion was evident. The patient underwent anterior fusion by thoracoscopic approach with incomplete pain relief.
The second case was treated for plasmocytoma pathological fracture of T10 with an MIS fixation from T8 to T11 (cemented screws in T8) after radiation therapy. Four months later, the patient presented on CT scan a loosening of the distal screws and needed a revision surgery with implant removal and new fixation (Figs. 3, 4) .
In the third case there was an aseptic loosening of the screws in L5 in a young patient of 28 years, treated 3 years earlier by L3-L5 MIS (instrument A) for a type B2 L4 fracture. The patient had been scheduled for instrumentation removal 6 months after surgery, but refused the operation. The patient underwent minimally invasive removal of fixation, with immediate disappearance of pain.
Finally, one patient had a local recurrence of tumor (colon carcinoma lumbar metastases) after 6 months of follow-up (pathological fracture stabilization was associated with a minimally invasive endoscopic-assisted curettage). The patient did not undergo adjuvant radiotherapy as indicated after surgery and needed another surgical treatment of decompression and stabilization at the 1 year of follow-up.
Discussion
The treatment of choice for thoracic and lumbar spine injuries or tumors is related to many factors such as the type of fracture, presence of neurological damage, associated injuries, age, general conditions, sensitivity to neoadjuvant therapy and many more.
Conservative treatment of stable vertebral fractures has been successfully proposed by many authors [7] [8] [9] [10] [11] , with bed rest followed by external orthoses, extension gymnastic, plaster jacket in bed or stand reduction [12] . These treatments should be continued for a period of at least 3-4 months during which patient care and cooperation are essential. Problems related to bed rest, particularly in the elderly, are countless [13] . Deep vein thrombosis may affect up to 30 % of patients. Obesity, chronic obstructive pulmonary disease, venous incompetence, psychiatric disorders and cardiac disease are almost absolute contraindications to conservative treatment or for a major open surgery.
In the literature, the complication rates of nonoperative treatment for vertebral fracture vary from 6.7 to 23.6 % [10, [14] [15] [16] [17] . Some authors compared posterior instrumented arthrodesis with conservative management: surgical treatment showed better results in the short term, but results comparable to conservative treatment in the long term, despite the greater number of complications related to the surgical procedure [10] . There are only two prospective studies that compared conservative and surgical complication rates: 13 vs. 66.7 % in one study and 20 vs. 29 % in the other [14, 17] .
In a review of the surgical treatment of thoracic and lumbar fractures, Verlaan et al. [18] also reported a large blood loss with posterior open fusion, depending on the length of the implant and exposure. They analyzed 138 articles that in the average reported complication rates varying from 11.7 to 22.4 %. There is no distinction between major and minor complications, but specifically analyzing the different complications it should be noted that minor complications are only a fraction and the percentage of major complications is approximately 95 % of those reported [18] .
In a multicenter study of the ''Spine Study Group of the German Trauma'', complication rate is 14 % for posterior approach, with a surgical revision rate of 4.7 % [19] .
In literature there is agreement that in the posterior approach complications are fewer than in the anterior approach, and prospective studies report a higher rate of complications compared to retrospective studies (19.9 vs. 16.1 % in Nasser's review of thoraco-lumbar procedures). Furthermore, there is no statistically significant difference related to age for the complications rate [20] .
There are no prospective studies analyzing the complications of MIS in thoracic and lumbar spine fractures. A retrospective study compares two groups of patients treated by MIS (ten patients) and arthrodesis with conventional technique (11 patients), with a minimum follow-up of 5 years. There is evidence of reduced blood loss for the group treated with MIS, but the study did not consider the complications that occurred [3] .
Conclusions
The main target of fracture and in tumor treatments is fast functional recovery with rapid return to normal activity. In tumor patients the feasibility to perform a local radio or chemotherapy has to be an important consideration in surgical treatment choice, being a minimally invasive approach the best option, allowing to start immediate adjuvant treatment. The reason supporting a minimally invasive treatment is that it equilibrates the need to stabilize the spine while avoiding morbidity associated with open procedures [21] . The correct surgical indication remains essential and especially in tumors a multidisciplinary approach is required.
Minimally invasive stabilization appears to be a safe surgical technique with a low rate of complications and high patient satisfaction. A minimally invasive approach reduces hospitalization and allows fast functional recovery, improving the quality of life (crucial point for tumor patients).
As disadvantages, it can be mentioned that an adequate learning curve is important to minimize complications and radiation exposure of the surgeon is high. Major complications primarily occur in the immediate postoperative period and can be related both to the implant and to the surgical procedure. Patients should be informed about the potential complications and the possible need for instrumentation removal.
This study analyzed the complications in MIS for trauma and tumor patients in a retrospective way with encouraging results for the use of this technique. Further studies will need to compare the results of MIS with other types of interventions.
